This paper investigates the relationship between the returns of the ALSI Top 40 companies and changes in the RandDollar exchange rate. Each of the Top 40 companies was grouped, a priori, according to their global positioning vis-à-vis income and costs into four main categories; namely, Rand-hedge, Rand-leverage, Rand-play and Mixed. The expected reaction of each of the shares within these categories to movements in the exchange rate was in almost all cases confirmed by GARCH adjusted regression analysis over two separate periods, February 1999 to January 2002 and February 2002 to August 2005. Ranked t-statistics were then used to gauge the consistency of the risk-adjusted magnitude of share price changes with respect to changes in the exchange rate. This ranking allows investors to construct customised portfolios according to their expectation of future exchange rate movements and to more fully understand the exchange rate risk that their current portfolio may have.
Introduction
The period between 2000 and 2004 has been one of extreme movements in the nominal and real value of the Rand and, as a result, the effect of the Rand exchange rate on individual stocks and the market at large has received increasing attention. In fact, most financial commentary sees the behaviour of the Rand as the key economic variable in any assessment of the future behaviour of the market and its component stocks. In addition, particularly since the recent three year period of exchange rate strength, financial commentary has been pointing to the JSE as a means through which individuals can protect the foreign currency value of their Rand denominated wealth.
Less structured commentary has been devoted to how a portfolio could be constructed to give the particular type of exchange rate protection that investors may desire. Unit Trusts have been set up which are intended to give protection against Rand weakness (generally with portfolios of resource stocks) or that are able to take advantage of Rand strength (generally banks and retailers). However, there is less definitive work on the relative merits of the top JSE stocks in terms of their Rand sensitivity and their past performance with respect to Rand movements.
In this paper we take a Top40 selection of stocks and consider in detail, using an appropriate statistical model, the relative Rand sensitivity of stocks. This analysis allows an investor to pick particular stocks with particular Rand sensitivity characteristics as well as particular market risk. These Rand (and market) betas would then allow that investor to more finely select a portfolio with risk-return characteristics that were fully consistent with the individual's future view on the Rand.
Overview of the paper
This paper draws on a previous paper (Barr & Kantor, 2005) which gives a comprehensive treatment of the theoretical economic model underlying this analysis. In contrast, this paper has an empirical focus and concentrates primarily on establishing, for the practitioner, the exchange-ratesensitivity ranking of the JSE Top40 stocks. We begin by explaining how most JSE stocks can be broken down into four different categories according to the nature of their core underlying business, these being Rand-leverage, Randhedge and Rand-play stocks (a rigorous treatment of this issue is given in an Appendix). Although the majority of stocks fall quite clearly into one of these categories, a number of diversified industrial stocks, holding companies and companies whose business is primarily but not exclusively based overseas are not so easily categorised. Taking the consistent Top40 members over the last four years we form prior positions on the nature of their share price sensitivity to the exchange rate based on these categorisations. We then describe the various models that were considered in an attempt to most appropriately measure the exchange rate sensitivity of share prices. The empirical results are then presented, which give, for the most successful model considered, the sensitivity to exchange rate movements and market wide movements. These results are then considered for their robustness over different periods and, in particular, the consistency of their (reliability) rankings is shown graphically.
The effect of the rand on different stocks
Mining and Resources companies, which account for close to 50% of the JSE's market value, respond very differently to Rand weakness or strength. They tend to lose Rand value when the Rand appreciates and gain Rand and US$ value when the Rand depreciates. This is because they earn almost all their revenue from the minerals and metals they produce that are priced in US$ from mostly offshore customers and their costs are predominantly in Rand.
But these Rand effects on operating margins are matters of degree. Many of the (mostly) Rand-play companies have divisions, and sometimes also foreign currency debt, to further complicate their reactions to the Rand and its accounting treatment. Furthermore, the domestic market can also be very important for some JSE-listed Resources companies, as it is for Sasol (SOL) and Mittal-Steel (MLA). These companies, given the lack of domestic competition, are able to charge their customers in South Africa worldmarket, US$-related import parity prices. They charge lower, export parity prices in export markets. Thus the more production they can allocate to the South African market the more profitable they will be for any given level of the Rand. These companies therefore also depend on the strength of the SA economy and world economies, as well as on the foreign exchange value of the Rand itself for their bottom lines.
The revenues of Resources companies, and especially Mining companies serving foreign markets, are generated in US$ while a large component of their costs constitute labour costs and are denominated in Rand. Hence if the Rand depreciates, their labour costs (in $) fall and for any given level of commodity prices, their margins improve. Similarly, as has happened recently, if the Rand appreciates their labour costs rise and their margins deteriorate. In normal times on the currency markets, unlike the events between 2000-2003, when the Rand collapsed and then fully recovered its losses, the Rand can be expected to move in line with commodity prices which moderates the impact of the US$ commodity price cycle on SA Resources companies. However, the favourable impact of higher commodity prices would not be expected to be vitiated by the resulting Rand strength (and vice versa). In fact, Khoo (1994:349, 356) , in a study examining the foreign exchange exposure of mining companies in Australia, suggested that the effect of foreign exchange fluctuations could be dampened or even reversed -either incidentally by a company's business practice, such as exporting goods and importing equipment or deliberately by holding currency positions. These and other equivalent activities may change the company's exchange-rate exposure and need to be examined before classifying the company.
Literature review
The actual measurement of the impact of the Rand on JSE stocks has not been considered in the literature. There is a relatively small body of literature examining the exchange rate exposure of shares and most of it is focused on the Australian case. Adler and Dumas (1984) produced a definition for exchange rate exposure in the case of Australian shares and mentioned that even domestic firms with no dealings in foreign exchange can be exposed to an exchange rate through the exposures of their clients. They proposed that the best manner of measuring this exposure is through a regression coefficient of the share price on a specific set of exchange rates. In the US case, Jorion (1990) showed that differences in exposure to the exchange rate occurred between U.S. multinationals, and that this was related to the level of foreign sales -these conclusions were supported by work done by Choi and Prasad (1995) . Jorion (1991) added a market term to the regression and orthogonalised the exchange rate to avoid multicollinearity. He found that exchange rate risk was diversifiable.
The difference in reaction between Resources and Industrials to exchange rate fluctuations was considered in the Australian case by Loudon (1993) , who found there to be a significant difference in their behaviour over the period [1984] [1985] [1986] [1987] [1988] [1989] . The paper came to the predictable conclusion that listed Australian resource companies benefited from an exchange rate depreciation, while industrials benefited from an appreciation. Bodnar and Gentry (1993) considered the markets in Japan, Canada and the USA and went on to classify industries' exchange rate exposure according to their mode of operation, e.g. exporter, importer, foreign investor. Khoo (1994) , in a study examining the foreign exchange exposure of mining companies in Australia from January 1980 to March 1987, found that, in general, share returns were not sensitive to exchange rates. Di Orio and Faff (2001) looked at the stability of exchange rate exposure in the Australian market and found there to be evidence of exposure changing over time periods. They suggested that this could be the reason for previous studies finding relatively weak exposure, as long time periods could have averaged out the exposure. Benson and Faff (2003) , in a study on Australian international equity trusts, also found there to be instability in exchange rate exposure. Dominguez and Tesar (2001) showed that for Chile, France, Germany, Italy, Japan, Netherlands, Thailand and the UK the use of a trade weighted exchange rate will result in lowered estimates of exposure as it contains currencies to which individual companies may not be exposed.
The South African case
In the local financial community, the term Rand-hedge is commonly applied to all those companies that benefit in Rand value terms from Rand weakness. However, because at any stage of the commodity cycle the margins of resource companies expand and contract with the Rand and the effect is both on revenue and cost, we are inclined to refer to such companies as Rand-leveraged rather than Rand-hedged.
We prefer to apply the term Rand-hedge to companies listed on the JSE that have largely or only hard currency revenues and hard currency costs. This makes their economic performance, whether measured in Rand or US$ or any other currency, largely independent of the South African economy. The best examples of such companies are luxury goods and tobacco company Richemont (RCH) and Liberty International (LBT), a London-based property developer.
The US$ earnings of RCH or LBT have almost nothing to do with the value of the Rand. Thus it may be thought that their US$ values would simply be translated into Rand values at prevailing exchange rates -going up and down proportionately with the Rand, thus making them pure Rand-hedges. However, it should be recognised that for companies with a large constituency of South African shareholders, less or more anxiety about the Rand will be an additional influence on their Rand and US$ values.
JSE-listed companies' offshore investment activities have produced a further type of listed company that may be described as Rand neutral, i.e. one that maintains stable Rand values in the face of changes in the exchange rate. They are able to do this because they have a roughly equal mix of earnings from South African and offshore assets. Remgro (REM), with half its balance sheet consisting of SA Banks and half of international tobacco, is one such important company. Investec (INL and INP) and Old Mutual (OML) with very important operating subsidiaries offshore may now also be classified as Rand neutral. What they gain (lose) in Rand revenues from a weaker (stronger) Rand offshore, they lose (gain) in Rand from their onshore operations. Their Rand values now appear to be largely unaffected by changes in the value of the Rand. Barloworld is a diversified industrial company that has both Rand-hedge and Rand-play characteristics. Imperial, another diversified industrial, differs from Barloworld in the allocation of its capital and is regarded here as a Rand-play. SAB-Miller (SAB) has in recent years become an international brewer with a large proportion of its assets offshore. We therefore classify SAB as an additional Mixed company as a very significant proportion of its earnings is still generated in South Africa. This still makes SAB partially dependent on SA demand for its products and therefore on the SA economy. A strong SA economy and a strong Rand and what it means for beverage sales is naturally good for SAB, but not as good for its shareholders had it remained a South African brewery. Such considerations apply also to paper manufacturer Sappi (SAP) and a number of the subsidiaries of Anglo American for whom the South African market is important.
The sample of shares considered
The constituents of the JSE Top40 are not fixed, since the Top40 index comprises the Top 40 shares by market capitalisation and therefore membership of the Top40 group of shares is linked to price. We consider those members of the JSE Top40 who have remained consistently in the Top40 grouping over the past four years and categorise them according to an a priori classification on their response to changes in the Rand exchange rate. Table 1 below lists the shares included in the analysis, their weight in the Top40 and their expected categorisation with respect to the currency as Rand-play, Rand-hedge, Randleverage or mixed (that is, no fixed prior position).
Empirical analysis
In this section we consider the empirical determination of the sensitivity of the share price movements to movements in the Rand exchange rate. The computation of the sensitivity of stocks to market-wide movement (the socalled 'financial beta') has been an issue of empirical calculation that has received considerable attention in the financial literature at large and in local financial research; see, for example Barr and Bradfield (1989) and Bowie and Bradfield (1993) . There has, however, been little academic attention given to the specific sensitivity of stocks to the Rand exchange rate.
The statistical models used were of the general form, with all data in monthly form 
In the first instance, ordinary least squares regression was used to estimate the relationship between log-returns of stocks and a set of independent variables which always included the exchange rate and in addition included market variables to capture market wide effects. The estimated beta coefficients represent elasticities as all the variables are in continuously compounded percentage and hence represent the (estimated) percentage movement in the share price stemming from a 1% move in the independent variable. The associated t-value effectively adjusts the beta for reliability (estimation uncertainty) and gives an indication of the confidence with which one can rate the beta as positive or negative. The ranking of the exchange rate t-statistics then gives a direct statistical indication of the relative statistical robustness of share price movement with respect to the exchange rate. The use of ranking is an attempt to move away from the often discredited approach of simply looking at statistical significance; see, for example, Ziliak and McCloskey (2004) . By ranking t-statistics of exchange rate effects, we are making no definitive statement about whether the exchange rate effects for each share are individually significant at some level. In the spirit of Ziliak and McCloskey, we are simply considering the relative magnitudes of the statistics themselves. This ranking of tstatistics could then be used by investors as a guide to the empirical hierarchy of exchange rate effects amongst the JSE Top Forty stocks. This, in turn, could be used as a guideline by investors as to the shares which would, for example, give the most protection from rand weakness. 
Choice of independent variables
Two candidates for %RExch were considered, the first being the nominal effective Rand exchange rate, which is a trade weighted nominal exchange rate and generally regarded as appropriate when dealing with the economywide impact of exchange rate effects. The second is the familiar R/$ exchange rate which was seen as appropriate in this context because so many commodity prices are denominated in US dollars. However, for both periods the correlation between the two exchange rate series was over 0.98. The two derived beta estimates did not differ widely but the R/$ exchange rate tended to give better overall fits and significance and was therefore used in the analysis. This is consistent with Dominguez and Tesar (2001) who showed that for Chile, France, Germany, Italy, Japan, Netherlands, Thailand and the UK the use of a trade weighted exchange rate will result in lowered estimates of exposure as it contains currencies to which individual companies may not be exposed.
Two model configurations were used for the market-wide effects. Firstly a straightforward JSE Overall index to capture market-wide movements on the JSE. Secondly a model which included two market-wide effects, the MSCI to capture world effects (in US$) and a secondary EmergingMarket-Index (EMI) denominated in US$ to capture effects pertinent to an emerging market. In the second case, the world effect (MSCI) was removed from the EMI by first regressing (all variables in Log return form) the EMI on the MSCI and working with the residuals.
However, the configuration with one independent variable (JSE Overall Index) consistently gave a better explanation (R 2 ) than the configuration with the MSCI and EMI indices as independent variables. In addition, using the R/$ exchange rate as the exchange rate variable also consistently gave better results to those using the effective (tradeweighted) exchange rate. The only results reported here are those with the R/$ exchange rate and the JSE Overall index as independent variables.
As discussed above, the movement of the JSE as a whole is inextricably linked to the movement of the Rand exchange rate. Thus, having both the overall market and the dollar Rand exchange rate as explanatory variables may be expected, at least in part, to give rise to a problem of multicollinearity between these two explanatory variables. Although not a strict statistical assumption for Ordinary Least Squares regression (OLS), multicollinearity, especially when severe, will lead to instability (and high associated variances) in the estimates of the coefficients as the OLS procedure has difficulty in distinguishing the variables (see, for example, Johnson, Johnson & Buse, 1987) .
In order to assess the severity of any multicollinearity, the correlation between the continuously compounded percentage change of the Rand Dollar exchange rate and the top40 was estimated over both periods. Values for the first and second period of -0,082 and 0,354 respectively were obtained, which were tested for significance using the Fisher-z transformation. The resulting z values showed there to be insignificant correlation in the first period (p value of 0.638) but significant correlation in the second period (p value of 0.020). Even though the correlation values were relatively small, the significant value in the second period implied that removing multicollinearity should be considered.
An often used technique to circumvent any possible consequences of multicollinearity is to orthogonalise the two independent variables (see, for example, Benson and Faff (2003:101) , Youguo and Mbodja (1996) , Choi and Prasad (1995:78) and Jorion (1991:366) , who orthogonalised the exchange rate term variable with respect to the overall market). Both forms of possible orthogonalisation were considered here; that is, the removal of the market effect from the exchange rate and the removal of the exchange rate from the market. The results from the original, unorthogonalised model and the two different orthogonalised models were then compared for each stock. The differences for the coefficients and t statistics of the log differences of the top40 and R/$ exchange rate were, however, found to be small. Given this and the fact that the true generating process is unknown, and since the process of orthogonalising the variables may bias the estimates (see, for example, Giliberto (1985) ), only the results of the unorthogonalised model are reported here.
It has also been recognised in the literature (Mandelbrot (1963 ), Fama (1965 ), that financial markets are frequently characterised by volatility clustering as information with uncertain implications permeates into markets and that explicitly modelling this effect as a generalized autoregressive conditional heteroscedasticity model (GARCH model) is appropriate. For example, Bollerslev, Chou and Kroner (1992) have shown how ARCH/GARCH 1 models may be applied to modelling volatility and Brooks, Davidson and Faff (1997) have applied ARCH/GARCH models for modelling volatility in the JSE specifically. Di Iorio and Faff (2001) fitted a GARCH (1,1) term to model volatility clustering in the residuals of shares in Australia after fitting a term for the market, an exchange rate term and a lagged exchange rate term and found it to be significant in all cases. Even though volatility persistence tends to be more apparent in high frequency (such as daily) data than in the monthly data used here, it was considered appropriate here to adjust the error term using a GARCH(1,1) term. The model used is of the form:
i 2 i , t 1 , where:
it -variance of the residual for share i at time t, ε it -is assumed to have zero expectation, be homoscedastic and independent over time.
The empirical results
The betas are calculated for this model (with the GARCH(1,1) error term adjustment) over two distinct periods to compare the consistency and robustness of the results. As the severe volatility of markets in the latter half of 1998 following the emerging market crisis made estimating any betas unreliable, it was decided to focus on the period subsequent to this period. Hence two sets of betas are presented -for the periods February 1999 to January 2002 and for the period February 2002 to August 2005. These are listed below in Table 2 in the same order as the a priori categorisation table (Table 1) presented earlier. The larger the estimated exchange rate beta, the greater the degree of responsiveness of the share price returns to changes in the value of the Rand (in the same direction if the beta is positive, and in the opposite direction if beta is negative). However, because it is important to adjust for estimation uncertainty, we suggest that a more relevant variable in assessing exchange rate sensitivity is the associated t-statistic. In this way, measuring the t-statistic parallels the use of the Sharpe ratio (reward to variability ratio) for assessing portfolio performance (see Sharpe (1994) ) and gives the number of standard deviations by which the estimated coefficient differs from zero. The table also includes the 2 R statistic as a measure of overall model fit. Note that in this context, an 2 R value that is in excess of 0.35 would be considered good. Inherent share price volatility for actively traded stocks implies that a considerable percentage of movement is very difficult to explain statistically. Hence, it is seen from Table 2 that for the shares considered, the model fits can be regarded in most cases to range from good to very good.
Encouragingly, particularly in the recent period, there is close congruence between the a priori expected sign of the exchange rate effect and the sign of the estimated exchange rate effect. The only exceptions are VNF in the first period, NTC, ANG and MLA. These values are not large in their sign and could be evidence of hedging or other confounding factors such as MLA charging import parity prices -thus if the Rand weakens steel becomes more expensive for the South African market and demand may decrease. There may well be other effects, but as long as they are consistent, it becomes irrelevant and their exposure and ranking will remain consistent. Again, we emphasise that that this treatment of considering the ranked t-statistics is in the spirit of the recent work by Ziliak and McCloskey (2004) ; that is we de-emphasise the statistical significance or otherwise of the coefficients and focus upon the ranking, and consistency of the rankings of the actual t-statistics.
The three Figures below (Fig. 1, Fig. 2 and Fig. 3) , comprise for each of the three a priori classification categories, namely Rand-plays, Mixed and Rand-leverage & Randhedge, the plot of the empirical exchange rate t-statistics over the two periods considered. As has been explained above, since it is the actual ranking of the exchange rate effect which is of primary importance, t-statistics are deemed to be more useful in this context than simply looking at straightforward coefficient estimates, as tstatistics adjust for the reliability of the coefficient estimates (see, for example, Green (1987) ). The Figures thus give one an idea of the consistency of the empirical ranking of the Rand-exchange rate sensitivity adjusted for uncertainty amongst the shares considered over the two different periods. Considering these three Figures we may note the following:
Rand-plays
All shares in the recent period, with the exception of NTC, have a negative exchange rate beta as expected. In terms of t-stats it is seen from the Figure that the banks represent particularly reliable Rand-play shares followed by the retailers. Note that the ranking, particularly in terms of the Bank and Retail grouping remains consistent across the two periods. Telkom, a share that is sensitive to the dollar cost of telecommunications equipment, has recently entered the market as a key Rand-play, similar to MTN.
Mixed
According to our classification, it may be seen that these companies, as expected, have a degree of individualism in respect of the Rand exchange rate sensitivity and that the ranking is not particularly consistent across time. Most are effective Rand-plays, the notable exception being Steinhoff, a large vertically-integrated furniture manufacturer with plants in South Africa and elsewhere and with a large proportion of its sales made outside South Africa. The industrial conglomerates Barloworld, Imperial and Bidvest all behave as effective Rand-plays even though a fair proportion of their business benefits from Rand weakness. South African Breweries comes through as a weak Randplay reflecting the fact that they still manage a significant proportion of SA-domiciled assets and earn a disproportionate share of their profits from local operations. Remgro is fairly Rand neutral, comprising as it does a mix of a large (close to 50%) holding in BAT (British American Tobacco) as well as significant holdings in First Rand and ABSA. Rand-play stocks -ranked t-statistics Feb. 1999 -Jan. 2002 & Feb. 2002 -Aug. 2005 -5.5 
Rand-hedge and rand-leverage
Liberty International has behaved in a stable and strong way on the London market and this has given it a very strong Rand effect, whereas Richemont has followed a more unstable path in Zurich which has caused the estimated Rand effect to be much less significant. Liberty International along with Sasol, appear to represent the best protection against Rand weakness. It should be noted how much more protection they offer than the traditional 'hedge' shares, that is, resources. Apart from the notable exceptions of AngloGold and Mittal, all the Rand-Leverage shares exhibited positive Rand sensitivity in the latter period, which again points to the robustness of the analysis. Viewed in terms of the t-statistics, Sasol and Angloplat represent the best Randleveraged protection against Rand weakness. The gold counters clearly suffer from the underlying weakness in the gold-mining industry that has seen the gold index fall away sharply in the past two years.
Conclusion
The large market capitalisation stocks on the JSE comprise a mixture of Rand-leverage stocks, Rand-hedge stocks and Rand-plays as well as companies which are not readily categorised into a particular category. For example, the large South African industrial conglomerates have a mix of local and foreign assets, and the large South African banks have significant proportions of their assets invested offshore. Nonetheless, the classification is strongly supported by the empirical evidence and is, furthermore, useful as a framework for analysing companies' exchange rate sensitivities. The recent period of exchange rate volatility has pulled the JSE All share Index and Top40 Index in various directions -most recently (April 2006) these indices have been hitting record highs. Over this turbulent period, the lagged impact of exchange rate changes on Randleverage stocks, and the more immediate impact on Randhedges and Rand-plays, have tended to offset one another in the market and the aggregate effect on the JSE has been moderated. Short-term movements in the JSE will, however, continue to be dominated by the direction taken by the Rand, on account of the preponderance of Rand-leverage stocks on the JSE.
APPENDIX Share Prices And Leverage On The JSE: A Formal Treatment
Share prices on the JSE clearly reflect the market's best attempt to find the present value of the expected benefits from owning a share of the company. These benefits will be derived from expected future earnings and dividends or from the sale or liquidation of the company.
These earnings and dividend flows from JSE listed companies may be generated from: a) company operations that are almost completely SAbased. We define these companies listed on the JSE as Rand-plays, e.g. retailers (such as Pick 'n Pay) or banks (such as Absa) with almost all their revenues generated and costs incurred in South Africa in Rands; b) companies listed on the JSE that are almost completely foreign based, generating only foreign 'hard' currency income and incurring only foreign costs and known as Rand-hedge stocks, e.g. Liberty International, a UK property owner and developer, or Richemont; c) companies that are SA-based and incur costs in SA but sell their products in hard currency, e.g. resource stocks such as Harmony, which we describe as Rand-leverage stocks.
We consider the dividend at time t (expressed in Rands) and denoted 
